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PURPOSE: A contact structure of wiring, a method for manufacturing the same, a TFT substrate including the same, 
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structure with a low resistance material. CONSTITUTION: A gate wiring including a gate Iine(22), a gate pad(24), and a 
gate electrode(26) is formed on an insulating substrate. The gate wiring{22,24,26) is covered by a gate insulating 
layer. The gate insulating layer includes a protective layer and a contact hole(74). A semiconductor layer(40) is formed 
on the gate insulating layer. A resistive contact layers are formed on the semiconductor Iayer(40). A data wiring 
including a data line, a source electrode, a drain electrode(66), and a data pad(68) Is formed on the resistive contact 
layer and the gate insulating layer. The protective layer is formed on the semiconductor layer(40). Contact holes 
(74.76,78) is formed on the protective layer. A pixel electrode(82}. an auxiliary gate pad(86), and an auxiliary data 
pad(88) are formed on the protective layer. 
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(74) CHEiei 



^aAl WS^ DH&3§ 416 
371 AIM&?S.M§^ SISAhg ope 921 g.1 003S 

&is-^ 

371 £gei API SSfe AiHI iM-24aXI 

Hkm^ Al Aii^ Ai^ 4M1 eaBfei-SOHrhMI 8^1 OBS- 

^oi^-&iaej(CHaHEiArasH:^sis:), aaa. 



HM 7e ymfSj .TIIOIM HHa# De> >1|01M-^SaS- 300-c S^|01IA1 

a4 ^ ami El ihhm stmi^ aiGiE-i mae ^sm. oi,oi. ase^e sjitm iHE-iyora Haiei. 

IS.TilOIMlH&Sl SS^EiOIEl IBHS-aSSl-CB 

^^□Ih, izo, i^fm^^ 

E IS e ^^SJ Xill ^AlOIKHi [Cl-e aA|-S-«g '^^^^ MSiAj^Ei J\m\ll, 

E 2^ E 1(HI EAltJ- Hts,!- EaijT^i^EI 71 SM- II -II <aM CQ-Eh S-Eh EAltf- aaSOjll , 

S 3a. 4a, 5a a 6a^ S MS°1 31 ^AIWKHI CW lAI .SSIS ai-H}- E.?H7;|-i!iE1 7|S^a^al:S 
Sa- -ai-Se 3 gg ^AIOA EU-EI- SAIt!- WfSI- MIIAI^EI 7|5S| HHSIE0I3, ■ 

E 3bfe E 3a(H|A-| 1 1 Ib-ll lb' a© EO-EI- WSm BSEOIS, 

E 4bfe- E 4aOflAi IVb-IWD- ae CCEI- »E|- EAIfj" E^HSAI E 3b£| Sim 3711^ EAIt-K EraEOjH, 

E 5bfe E BaDIIAI Vb-Vb' [qEj- eS|- EAIfh ESHSA-j E 4bej Q-71|# EAlt!" B3E0I3, 

E '6bS E BaDllAI VIb-Vlb' /Jg [OEI- WE|- EAItJ- ES^SAi E '6S| DM Q-JIIM EAlth EraEOIi./ 
E 7S S 12 ^AIOIIOII [[J-S SHg iAj gfl© ajsr MSIAI^EI 71 Sq BHxIEOIIl, 

E 8 a E fe E 7011 EAit^ Hj-sj- E2H7;i>,Ei 7|5« vil-vii' a S! ix-iicai- W-\ mE|-;^AilK;:Bs 
Eom, 

.E lOafe S W^?X.m ^.AIWP [q-EF Xll^^^l^ Se^^ltHIAiHl ttfei- MgHj;i4£l 7I5HJ UHxJEOIS, 
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S. i2afe E- 1.1a, ffi lib CM 3m\M°i m^n^& jVBBi BH^Stllii;; 

E t2b S! 12c^ E 12a(HIAI XI Ib-XI lb' >! S Xl Ic-XI lb' [CEI- S-Sl- EAIt.1- BSEOIDl, 

E 13d, I fe rilBaSy^ E 5l3bV, :14b>. i^^ iSm^llEKmSF: 
mi® :MEM*^?iE 12g?€fg»imM? . .. . . . . 

E 17afe- E 16a E 16b2j &31I(HIA|£] Hj-^"- SSJXI^EI bHAlEOjH, 

E 1.7b m 17c^ E.IVaWIAl XVIib-KVIIfa- d a XVIIc^XVIIc' im SHf.EAi£H El^EOjCh 

'mm^^ \m°\:m^ ^mm :m)>:mmM^...MW:S^Mi^^mB!^ 'v\mm mmrn^ 
•SFEji-aoici-;. " ■ ■• ■ • - ■• 

'■^^mi^M^ mliWiMM: W^bM. AiISihI iSM^^M^^Mmm' 

urn, ^s: T^i^B .mm -mmm. j\n^ 3^ mm, mn a-^oiH(Ai) E^ mm\ 

fe'lfg(Al alloy) §21- WS-.tf^Dls TUSei 3^ WEm Ahg§fe aOI guKSjOILK aEIU, W^OlS 

01 ^mmrn &ESII ±xm w^m 7iisi-Ai?ig ^jmm ^'mii sini-. mn. 5h§. sai s-xioiiAiSK aoi 

.IHE^WlAi ITOCIndlum tin oxide)m AS§m .a-^DlHg SSefe.S^ S-.^OIh ES S^OIh tJ-^m 

*{2{?s{oi msM m oH-iSF cnei a°j ms-tm eich x-iii,sgoi ^stpch. 

piipihc 510! Uf^sitiq-. 

g ^-SDi oi^iiAh sfe 7m^ nm^ T^im mss bi¥oia gAiwi n'Tm^i mm m^Wimh ll 
■B\Em ^mmm Mmm7\ mm b .m^mmi^^mB\mm^^^m^mMmE viiJimm^msm 

^SSIg- l.ZO( 1 rid i (jW z i nc^ ox i deJS' S#1LE(' . 

1! (anneal ing) SSdj ^tElE^ S!p;5K^ 3Q| Hl^SjS^^^^^ 

a-^DiH ?ii^2j g^Hfog >||b|E III eg itmfe.TiioiM nmm mmhn^ mm a^.TiioiM #: 
oinii^ ^a^sistP Si^^^ wsim. 28o-4oot; ;oishi. se h?iihiai 5-4om aisj- 




ai- ^^*]- ftoii 32 s! 7313 ?,9g wi-oi Haiei 2!^ a.aioiEi E11E.21- g7i^£is ^msi^ m± 
a aioiE-i ihhm p 4^ siCK 

4= si^Di- a-a-Si"- ^mm ym^ m] ^m, sin ^m^a ^ms M^^Mi 3?CT7a 

s-°cH sill a SII2 ¥Me siiai*]- sis ¥MS stmfe 201 unr^itHiK 

Aha ^ 5S(HiAi a-i!-^'- iBi!^ Sill s^, fe"-:?! sin 3^ MO- y^' mimm ym^ iii2'.s^ a ^i-?! 
sill s^aci- ^2i-#M :7i-Aife SII3 s^a st!§^^ srai-^ae oisti-oi ^^m"- 4^ si^oi, ai-s 
21-SS01IA1 SIM a^ai- ^aiei a^ afol sii2 ¥^ aioiEi HHd ^ixms^m 

5fe 2101 UH|-3!§|.Q, 

Slli LHAI SII3 S^EJ ^ai-sM QSTil SStPI ?ltHA| ^D^±mm .£Efe kl|-7|H| S?ysHO 

x^- IHeOj 4^ Sl^Cfl,, sill ¥M5j ^)1^'S1I2 ^BIIIHI OiSI-OI 1/2-0|S|-S-.^«-&fe 

3or Hi-esjoi-EF. 

ai-EXf#2|- aOIEI HHa Aj-OIIH! 73tJ-ig a-?1ie- El Mtm 4= 2i:^01, QlQIEl HHa2l- S 

*S S yj-ESIIsS §H-hHl Q[±3.m Al«t|-0j-«^m"4= SiCh. 

ziEHs. s¥tt £SM s-as §ra s ^-sei ^Aiwioii urn uHa^i m a □^siis.i.'-aiLQig 
:'Fa A^7^ goi§i-?ii ^ai^^ 4 sie^ ^'-aiisi m'sw. 

yj-Ki sw. ^§1 asB aa^i-fe HHa:°Mfe a^isj T^ise si4:tKRi ?isp iBuocm oisi-21 

HWti-M 71-Afe W^DIh ?)I§SL| 3^ MSOl ^m^'t. Old. bfiaS £I¥S¥E-1 asM &7iL[, £l¥ 

s asM ae§i-:'i ^|5H nm Ea#2i- s^eioioi: sfecih siii aiswiAi at giai- s« cm ^tii 
¥^EiAi "s^om *!-a. oiM ^\tm b ^'shi ^aiwioii cli-s uHa^j siii ©stHiAi^, ^a 

71 B A^J^(}^| 7ii7dti-M mwom ^^ofe tj^^s 01 ^01 a a-^oiH Tiia^i oi 
^Dia BHae ^-Soi-ii, HHa© sfe ^^s^ ^stio-. oioi, m<2^ lEiyoi-oi uHae iS-¥oii s 

^ ^Stm, =?'Sm mtm Uliaai- a^'Isi^iS SSEfe £a## IZOC indium tin oxide)S 

S^*!-a. OIE-Iti- IZ02I- ^^OlM 71132] S# ^^iOIIAife ¥^0| ^^^h^CT S^^^a. OIUH, ^^011 

AiEi nm^ uHaei Tiitioii chsp io% oiwiji. o/is q -arf oiti-ei 5101 um-sitia,- gmz^aej 

■gs]^ 2rafnx60/<mS aA| S^^Dl, O.Sihrax 15;!<ra OI^^-^S SS&fe S0| b|-&5!S|-a. 

iEtt aSSi-S. mM A®^'- 4= Sl^^Ol, 280~4CX3'C SCej.St a?|01IA1 5-40^ SE2I Am m?i 

^my^ 310I Hur^^'tm. izoe m^tm ?WAife injOsai- znOM ^mtu mo\^ zn^i mssoi 15-20 

atXfatoraic percsnteae) ^^12] SSje AFgSI-fe- :6IH Ell (sputtering) ai-aj-S aStfe 3101 

bH-gsi^HiK Di:7|A|, atXfe [Zn/(Zn+ln)] x 100« £iD|S|-Dl, ^± iSgs jEtM 4£ 2^:^01, H^AI Sfr 

s»?4sssia. 

■0j:7|A| HHasi mm MSI^TJI^EI OiaiplCarray) UISOII ^SEIOj HHa°| A(- 

S. ^—T- .yy^l—v* 

mm, oiEitj- s ^-stHi [[fs lAi mm mshxi^ei jm m m-s. ^mm. mmm see m 

itP ^i-AII^I-TII ^s&pis 

HTii, E 1 a £ 2M mn^ tm B' a-s^i sill ^Aiwioii im sAi sxis mm^^Ei pis- 
•Hj s?^oii EHSfoi ^i-Aiiti mmm.. 

E IS s Sill ^Aiwiofl mm mm sai s^is ai-s,!- ehht^i^ei :7ia-o|ji, s e ioii EAiii- 

ut-HI-. EHH7;|A.Ei :7I1!« ll-ll aS CUEl- WEI- EAI*]- eSEOjCK 

^3 7ie(10) ^lOil 7i\7?i%m g-^OI& 311321 SSS 01^013 31I0IM HHaOl SiSEIOi 

°iL[. 7II0IM mas 7e atf^S "JOI SiS 7||0|Ma(22); JIIQISa (22)21. soil SSEIOI SiOi £I¥S 

¥Ei2j .7iioiE Aise ei:?^B^o^ wisAjo^ aesfe wiM i[|iE(24):ar >iioiM^(22)nii sseioi gi^ 

aj-Hi- M?HA|^E12| 71101 E a^C26)e ift!tj-a. 

ymoo) mm ^Msw,) cci-?is oi^oia tiioim .a95[(30)oi tiioim una (22, 24, zem 

7II01M a^(24)2| 7II0IM igShOO) ^i-^tHfe HISS 34:- ^2] efESIIS Ol^Oia "l-Ellia (40)01 ^ 
a?f^S SSEIOI ui-sil#(40)2J fei-^OIfe .^ElAroiE n« g^MOi 2feES EHEIOI Si 

^ n-'- 4it|- UISS ffdb: [P-?|2J °MOia XltJ- S^#(54, 56)01 21-21 .^igEiOl SiLh. 

7at.KS**(54, 56) a 711 OIM iasi-(30). ^KHfe SaSS!(Mo) S£t: ME|M.Sl!-S;ia!(MolB) IS, 

(cr), &fe-M(Ta); EiEtedU s^^s oi^oia. aoiEi una (62; '64, ee, ra)oi ^^eioi sia. 
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(62)21 ^ 01 Di Tm^mmm)^ M^Tim s m\Q\ cbb) , ciioi ei g iszm mm mm s : 

kdoi. sisa ei^s^eisj m& i:i^m ^iim^ mm in=(68), a^(65)iK mhieigh -a^oi w 

oiioiEi HHia(62, 65. 66, 68). ,s! oi»i y^m Sf-fe &£ESfl«-(40) ^--^ofl^ at|- ^fis oj^ojg asef 

MsHf(7O)01lfe;:Eaiei ;S^(66)v;a aiOia :M 

aWiH10jM;§a5|-^30)l|-:l!^i 1^ 

(24;B8)M HeiLH^ aft- ^^9(74£ 78)S^^3* 

^ 2m(,x6Qmm yX| SI^SDl, 0;5iniBx15/tm Om°] 201 Ufg-SISHIK 

M3:s!-(70).?i(>iis sft =?mwm mmm naiei 2^(66)21- s^i^^s aaEitH .asidi m^oii ?ixiti- 

sl-i- 3^(82)01 «SE|0i SiCK a2:Hi-C70) -91011^. Sft •^9(74, 78)^ mtm >I10|M 

IHSC24)f a ^aiOlEi • IHE(68)2K S^^ 

;itJili;siEi«""--" - ' - ------ - - ' ■ ' ■ ■ ■■ ■■ ■ ■ 

vQiaiti: e>^s°i 11 1 ^ Ai Oil, M : Ma Jii-Ei mmcs\im^m\smAm^ oi 
#012 711 DIM iiiH(24)ah \ios. oi^ffls MS. ?iioiM,iiiH(86)2j a:ft :?3£M 7ma, om, sft'^s-: 

2| Sft T^m^ nOlM UH<!!!(22, 24, 26)2j tim 7i\-%m CH§I-01 10% OI^PF E|£E^ ^SSIOI, 0.15Q • erf 

mm, M^.^'^(Bzm:^\ a s 2011x1 ui-ei-aoi, 7iioiM<a(22)iih sseioi sai mB7\m.o\m 

: £11 iii^Tvl igSOl ^3^^ 24; 26jaK g^*f mWl^^Sl HHiftS'^lM'^?. 

66> 68)fia- SSI ' 
:0|H.^ll':^B l-Sa ^A|ff||pl|\;[ag--?S6llAf^ >||0|M HH<y (22.;. 24, 26)# JclAjt'-S ?I-Afe'a;¥nr& 711^ = 



mm:, ;oiatf a ^shi xiii ^aioiioii: [ci#:.2!1.§ iai sxig.H^st E5Hgqi^iEi^7 

01 E 1 g! E 22h E 3a-l,HA| E 7bM it^IlS tTO^ 

Sj Ai, E 3aa ,3b0|| EAltl- y|-2h^U :?IEl-(10) ■:?|OII MMMm ^m^- Mmms s^s.^ Qi^m . 

^E$iiE :rfa::R!: E 4b0fl ;^Alt!- ti\Qk mi M&:-^±E.:Ji\^Q\B ?1IDIM ,ias]-(3G)), Ulga ::P1.# 

;iDiSsa!®Sll^C40).^ 

a^BS: uisS||:St40)aK ESa 

■n}-(30) ^^^m ^ ES=S1 BJ-EXfl#C40)lF AHIJ- a^«C50)# «^*H:|-. 01:3|A-|, 71I01M ^351(30)^ 300 
%^^0IS2I SE HaiD1lAi;;;5^l;DI5S2J^iy^lB? CfiS^JAI, iSil Olp ISgfCS) 

m^mw^ml :%tHi sjiioim- jH'^d (22 jrm ^26)gi : s^oii sMWra , .iiTti t^s^^^i^";! si<w^hv^^ issj:^ 

E SiD. E*t >l|0|M ^2e,K3d)e SW&PI 301! ffl-^OIs 7ll@2J S^5i-(22, 24, 26) m,7[ 

■fflsa^ ^'^i^itpi: §itii:^6=4:, ■.^» e= Qfssm sSsfe MEi-i;iOhs km °! AiBtin-^ 

.sJtu)S ^.A|tF= aP! :«LK 

aS'i E 5a.LH?JI E = 5b0il EAIiJ- HI-SI- SOL HM, gEIMS!, MHjMa! th^, ElEfe, 01 
%01& :S^S{-.e; .Sj^^H Of:<S:3M :orgt? :AI^ ,SS:SS IH Ely §101, 711.01 E<M(22)2K ffl 
i!(62), m OlEld (62)21- SSEI 01 71IO|M, a^(26). ife}-^3)|-AI SSEI01 Sife 3^(6.5), E||0.|E1<y(62) 
^ tf^.gOII SaEIDI HIOIEI I||E(68) S S^(64)2|- MEIEI01 Si^OI ?1I0|e 3^(26)9 S 
Aiog 3^(65)21- Dh^tl^ ^E||°l 2!^(66)e Eimi^ HIOIE-I UH^e ^SfJCI-. 

; 01 oli .01 DiEi UH <a^62i m m, .bsjslm ; j7Fa^i.^sr^ ss a ui §a . s^tA mm<msi^msm^ Mm m 

S2! ^(26)* gf^SjS^ JgEI Al^l^mei^: gmH| SS ai^HI^^: 9?^^^ 56) -AIOIHJ ui£Sl| 

EI^SS; E:6a ebOIIAI^M^ UEfc^^^^^ 

OlEfllOIIE, 7II0IS g,sa{-(30) «^A|2|- SAiei-?1l SH:e,t-(70)s 300-c OI^'SJ '^E g^lOIIAI 5g Of 

iS-Hj Aiz^ ^#§1-^ SOI H^e5!tlOl, oittH ^^niM..7iissi ^^Hi-(22, 24, 26)2| asoiig nW:: 
21 fflg#oi m-sm ^ ix°m, siii sgAi usithe 3^ i!ii-tie>-oi e^ siitis 4= 

SiEK ee', til 01 El lJHa(62, 65, 66, 68)01 &^DIh ?1I^2| Etmi-^ S^OIIE ^Sti" ^2|-:?|-, 

SOia: SiLh Oid , .'Gl-iHM OlMti- Al-S ij^f o ^ >l|0|M .lSHr(.30)2F ffl^^^^ IHEi y -srlOl,,, .Til 01 

: eaiiEt24),. E&iie] 

>>y |Wft^^^g(74f 76i 7qiM:>l5FCM::'ESiaia^^; a 
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e itmfe aoi um-si^i-oi, znsi t^°ifs 15-20 s.t% a^iej oigsh^ 3101 Her^stcF. 0171 
A-iE, izoB ^mm 3011 s^dih 711^211 s^Hi-(24) ihio>7[ m^si^ as a-xispi w 

OlElfe- S ^^2:1 ^AlttlllHI mm afH(HIAI= IZOSj-g goil iZOfil- a^Olfe TllgHI =^ AI-. 

Q|°] OS* tfiS:Al?|iJ| -^Itra 

QIEItJ- S-aS a-OilAI ^Sth Hl-ai- m\, 5DH2J 0F:;:i3M 0IS5f= MS: SaOII sjg*- ^ si-AlBi-. 4Dh o|. 

#7 LRAi £ as mh^:t\t^ b:M^^ mmmu m-B m m^B.m tnmm 

ig'Xl© ^fHJ- M,aHA|:i:E1 7\mi thib :?iOfl CHsKJl. S-A1l©l ^StlCh. 

7g ..e. b^o, 33)2. ^Al OHM CQ-g stjg.iAl SxIS ^^^^ MfflT^AEi ;7&S|..liH7:|£p|Jl,. E;8:S!.E 9 

■Eh: ; ' . . 

•siT^i, m^.7\mm m\ ^Amm sgswi mm\^ s^^s oi^oia mmm22). nm 

:E'IHH(24) ?1i0l^ 2!^(26)S Sti^fe TOIM HHi!!0l ^iSEIOI SiD. 3E.IIL, 7\\0m HHSIS ^IS 
/(.TO) fei-^DII 7flO|Mi3(22.)ai- SlS§P ^^BSJ S# ^mZ]^ 5!Sf.m?IH| ligJ-S 

JHiOlM UHfl(22, 24. 26,. 28) ^lOflS Sth 3^:CSiN0 ©^IS.fllWa .?il.O|M-^^^^ ?fl 
OIM bH3C22, 24, 26/ 28)S an SiD. 

711 DIM -as ^"-(SO) ?|CHI.^ 4=4:51- HlS# ^fili.(hydrogenated amorphous silicon) CU^jHl Bj-ESIIS 01^01 
a a^EESII EHi!(42, 48)0! -SSEIOI 2i:^01, atES-ll IHS(42. 48) ?|01!^ SJCP) [l}?|H| n-^ M'^SS 2S 

EBEIOI UiS'l tCI^I^ 01^015! T^tJ-g # (ohm ic contact layer) IHS S.^ 
Ill.@{55/56, ■58)0i^SEID1 SiD, 

•Sit!-iS ^^S IHS(55v 56, 58) a» SSIMS! £Efe SHIMgi -&S £Efe B-^-a a& EjEI-Sv 

SEJ -g^og 01^013 aiOlEi HH30I W^mm SiD. L-iiOlEi HH3'^ AjjS litf^iS SSEjOj Slfe EilOl 
Ei3(62), dlOIE-i^ (62)21 MM 3§EIQI £I¥S^E1SJ. tj-S"' -^sS ?}ym^ EilOjEi IHE(68), 35! 
3 L-iid|E13.(62)EJ MAIS! m'^ E.^X\±E\2i 3 ^(65)2:S 01^013 Ell01Ei3¥B StiSI-Dl, £E*f 
Eil0|E1;it¥(62, ,68; 65)21- MEjEjOl Si^OI 71I0IM 3^(26) £E^: ^►sj-- EaH7;|>.E^oj j||y^(C)Ofl CHWQl 

a^(65)2j wm\ mmi^ ^"-sj- msiai^e-iei naiei 2^(66)ai- sai a^(28) ?imi ?ixioi-ii 
: si^JSAi ss3if iHs:(64)E sAi m^c28)s.^^ti-Ai smm^'M^ mmm m 



.□101 

IHg (55, 5B, 58)^1 -i :§l-^£| ujSjil I|l@(42^ ,48)SK H ^^^21 0IOIE1 JH3 (62,,:i64y^^, K 66,, 
68)£| a* Aj##^#Ofl -^fe^M 66; 68)11- &3tl -^^E^SEHS, 

71-SLK EilOIEiia^^'Sa* IHi!.C55)S Q|0IEi*!^(62/> B8>..65>2h-.^S^ 

lj|ll!(56)S EEII^ -S^(66)2|--,S;^mffl. SAI: ^Sai^S SSsH^vp:®: 

v;C64)2!::f:iS|Clp. ■ - ■^■"-'^ ■ ^ - " - ' — 

■ tM: Bl-ESii IHg(42, 48)^ e2hx|^E12J l||^^(C)S M^ltm CIIOlEi m^i^Z. 64, 65> 66> 68) 

m my-s ^mm mm(^rm, mM : >sxii^sss, ^ai ih 

;g(48)]ii- °Ai mB7\E ^mi.imim a sai m^imMmm imim)^ s^ti- HifoiAiei-, 

;;M?HA|:>!iE1^ SlSjEli^ IHe(42)^^^^ 

;|HA|i:Ei2| SI|y¥(C)(HIAi D||0iE:l3^(62, 68, 65), mm 3^(65)21- H&liej 3^(66)01 MEIEI01 2i 
a E)|diEli§¥ SSJ-#(55)]1F EEIISJ 3W-§-vS« Illi!(56)E gE^^ eaH^ifi^Eii^mE:; 

i iHi-ci2)s cii5w^ 8j:a;saEioi ¥}^MaAiiiEi°i aas ' ^^ "'"^^ ^ 

QIOlEi HHS!(62, 64, 65, 66, 58) ?|Dife Stl- TfiS 0|^01& aS5}-(70)0| ^SEjOl SiQ. 

M2:H,^(70)S.HE||°i a^(66), EilOIE-j I||H(64) m SAj ^37|S E3i-|| iHi!C68)S HEILHfe 2*?a 
.;?(76ii;78* 72)SS?R^ 
t7|jftvaFAl4i'mEK 
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a^(82)0r 'gSaOj ^a. m± ^^(82)^ IZOCindium tin oxide) Ui-9-m ^Sti" £3 s§S SBOiTJI 

M±-^^mm iEt-l- OlStF^ ?110|Mi!(22) S! aiO|E1<a(62)lh S^EIOI ?H^MM SOIH SiSLK §m 
EIXI SiCt-. iEti- thi ?3^(82)^ ^9(72)^ mtm SXI Easil IHg(64)2|-E 

SSSI nHE!(64)^S mfe": Sgti-LI-, tfS, ?flO|M 1^(24) a QIOlEi IHH(68) ¥1(HI& 

^3(74, 78)« mtm oiaai- s^Eife tiioim ehhcsb) s diioiEi mncsspi- 

EI01 Si°DI. Oies.iHC(24, 68)21- 11^ sl^ S^ISl-Sl mn^m SSBha IHHM MsSte tl-^ 

ILEm, E 7 LHXI E 921 =^S.m SAI SSIg aj-ei- EHHXiAfj 7|3^g 4DH pi-diHM OlStl- 

01 SllSShb il-aiHI CHSl-Dl S-AIISCT E 8 LHAI E 1021- E 10a LHXI E 17cg S-SoKfl- ^SSF?IS tSlh 

asi, E 10a LHxi locoii EAiti" tim itDh 11 ^Awm §asF?ii s^dih Tii^sj g^e a^H^o^ 
^.mm mi^m. o\mn ^^sms.^ ^mim ^loii ?iioim<:!!(22), tiioim ]ihe(24), nom a 

E^S;. E 11a. mm EAI*h HF2h ^01, Ol^Oia 71I0IE lS5f(30), ui-Ei-|IS(40), S^H 

■■»(50)e ti*j- sn^m ommm i.boo a lhai b.ooo a, boo a lhai 2,000 a. 300 a lh 
Ai 600 A HI 3^ ^mm. om hmbs oi^ois s^b{# stmfe Eaiii#(60)e ^iheii!- 

S2j.. 1,500' A LHAI 3,000 A2J ^JIS gsftH 3 m\ S-lf^'-(110)e 1 um LHAI 2 umSJ 

^JiS EStfCK OILIHCHIE 71I0|e §S5i-(30)^ 300*c 0\^^ SE S^IOIIAj.BM Oli^-HJ AlZH goj- 

ftsfe ^"01 Hhij-sitm. 01 [in, 71101 E iaBj-(30)g ^m%' m. ms. s§ soil tiioim hh^(22, 24, 

■2B)£| ^--^Oll BAItJ-M ^'hAI^ aiSI- ^^OlH^i-SI E^ ^^71- ^ a^Dl, ^^01 

^^Ol-H 7\mSi ^^^'■(22, 24, 26) &^¥01l A 1 0,71- ^^E|^ ^AISPI *|tH ^^fc, ES 0|-S5 

»5ttmi^ Msi-:^oe Mm s§e ei Ai^(in-situ)s ^Aisi-^ aoi ^lk 

3 *, 0F:i:3# SSIOI 110)011 SIS 5A1# :^ E 12b ffi 12cDII EAI© tim BOj-, 1,% 

Sf IBS (112,. 114)e ^S*H:K 0|[IH, Slf^"- II1E!(112, 114) SOllAi '^^ M5HAI^E1S1 tm^(.c), m 
3^(65)21- Eai°i 2!^(66) AFOKHl ^ISItl" ?;il1 ¥MC114)& Ell 0 El HH^¥(A), ^ tilOlEI BH<a(62, 
•64, 65, 66, 68)01 ^MWl ?-lSI*j- S1I2 ¥M(112)ME|- ^171- ^"-Tli E|E^§1-01, 7|E|- ¥M(B)Hi ^ 

l!-si-°,a^ TimtK-Y. 01 m, XHa¥CC)01l yoi- 3-1^5|-(114)£| ^121- LIIOIEI dH^¥(A)01l y-Dh Si: 
^ a-l^si-d 12)E1 ^HIISI Ulfe ^011 S§(H1A12J g§ ^a01| [[|-El- EFSTii ti-oiot: tl-EI, S1I1 

¥M(114)£| ^JIM 7312 ¥^(112)£| ^MlHl 1/2 OWY^ 5101 UfS-5!orl01, MM MS, 4,000 A OlSl- 

■eftapij^Ei^. 

/Dl2|gaoi.:;sisi(HLiifei-:iii!-s^ ^ 

■oil. tfa.AK3idii ^latf iiiHi ^-'^WtrnM^M^ m&m m& ^M Ahltt^ icif^iBj 

: %i^,K3l;:Ep:-^]i SiEFV' 

;di2h:M oi-M# -ssKM'^ iAWihs - iffii sia mMsim :^MttiAfe iaMAMoi IS-SJI K 

^emffAh MABoi-MtHEiT^i sfe;-^Ma!oi.;aa> wo];33ir 

:ElAi:.StS ^MMCKilis^SJJilSI^ ^S^^^^^Sil-K. QlPv^/icS!: sAiaSi^aii'^M mi: 
tHElHS 31171I E|ArS{-ES§H0|:t]-i:|-. ■ • 

^oia#-lirs:^iM2j; s-n^crujs aims^i? 5FMsj-vaes,;bi^ois:sif5M:.Dj^^ 'm^> 
ioidi^ a^l!-s^■IBs^1:14>M;3^^ 

a^m. OIUB, CliOIE-l HHi!¥CA)(Hlfe ClIOlEl BHd S! H tF^Hl ^i-eoi ZIEHS yOl- giU, SHy ¥(0)011. 
i^'miftgHviitJh SitHO^ 37H SC60; 50V 40)01 a^ ?^ 71101M 

■■^ni E.13a.S! I3b01l EAlth ^xm> 71Eh ¥M(B)2| ix^EIOl Sife Eai-ll=(60)e XI71S1-01 nm^^ 
mW^i^^M^iimJMn. Q\ 2FS01IA|^ 3^1 ^^^E& ^ SMSS^ AFSM 4= Si^ffl 0 

'mmmmi^-^^-^^^mwm2, ii4)s tiej ^^iai a= sasHHiAi ta^^^ aou^Ep. zi 
s;LK::2fii^^*{SiHi 3^ Ea«i*(6oje^^^?{is 
3i:;ojgi^ss iM^iHm(ri2i 1^ 

(60)01 EElLlfe-aOi ^71A1 'SiS.m tlCK 

E2!ic-liS,(60)01 Mo Efe MoW t'S, Al E^ Al tS, Ta ^ Oil:;, ol-Lj-g 3^011^ 3^1 iJ^'O'lU ^ 

^ ^ Q\bL. aoiEi-E 7te§i-a-. nEiLKCr^. ^131- utwo^^ sutieiai s.^7i im^oii essiis 

;(60)0| CrOiara 0|go^M ;3iQ^ ^Eh E2!SI1»(60)01 CreiM^ S^Ollfe. ^^ 

.:5s CteNHO=e Xmn ^ an, EaX-|ls(60)0| MoU MoW°] 3^ i{2f2| 3^21 ij^l-^lxl^fe CFz21- HCI 
21 StJ- 7lK-liLF CF^2h O^ej 7I«I» Al-gfe^ ^ SiSiDI *A|-21 S° asefOlI CH^l- ^S^HdlE B|± 
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0111711 tra, EE 13a S! E t33(HI UEftfl- SK^iv XHU^^ Hrt<aMte)2] -ESil*-. ^ i:^>^S 

ajgg ^^ ji, i|Ej (67)21- ^Kl ^Sl^'lg S2!x-|| I|IS(68)5!0! a-SJ7|El- ^M.(B)SJ £2sll»:(60)s S^. 

66)01 gaiErXl :Mv3^E101 °l^^SK^7ai2mS EilOIH UH^ C62; 64j 65. 6B, 68)3 ^EHSI- ^^sHIl-. 




(112, il4)2h ui-Exll#(40)(HI LWh ^mU}- ^mtt 3.^- ¥M{114)2| ^Ufe etE.^lft(40)2|- 

(50)ej tf^H a2^ a:?m naa ^i-oioi: t-i-Q. 

omn tm, s i4a a uboii uem am ^ol iHB^cc)si sii ¥M(ii4)oi xiiTiaoi ^^/HaiR!© 

ESSli IHe(67)0| HEiLm, 7IEI- ¥M(B)EJ gil-s.(50) a Bf£Slle.C40)0| SIITIEIOI 3 ?110|M 
SSa!-(30)0| HEitCI-. tfffl. CII0IE1 HH<3¥(A)BJ 742 ¥M(112) ^AI ^^•EIHS StOFSLb £E 

01 STii&iiAi &s.m i@(42, 48)01 a^ssjch. ^2 572h 58^ ^:^:i/Haieig s.m.M ay 

@(67) .5l-¥21 SZ« SAI ^371© SSsIl IHS(64) ^h^HI §Z« IBSM' ^EjaCh 

OlOi OH^ (ashing)© MSm 3cHB^(C)Hj •^>:yfHaieJ.g. ESSII IHe(67) SSOfl feroh 

m 731 71 to. 

El-g, E 15a S! 15b01l £Altf SOI 5cHa¥(C)ej 4;:i/HB|ie!g Sai-ll Ill@(67) H it^/- 
cgioig Ilie(57)# i{2{ShO| ITItiCh, Oi UH, ^ii/HEil°lg S2!l1l Ilie(67)l|- §2]-* 

I!l@(57) a^Oll CHtra ^^iS-SS.aiH^'- 4=E' ^S:m, siz^/ESms ESx-ir Ills (67)011 CHtHAI^ 
^ij ijzio,^^ -Pig IH@(57)tHl CHtUAi^ 2^ mm 4=E SiE|-.. SAl-Bj 3^ rt^/HgiSJS 

li!(67)2|- Sas- Illi!(57)21 ^2|- ^!S1U|7|- ^ iaSfOIIAI iS?fe 3101. Ulg-Sisra, 0|^ 

^J31.i-^EHy|7|. 37^1 gg* Sr7|7|- OjSl^J ilia¥(C)01l kT^ aCill SHe(42)Sl ^WIS S. 

mtbTjVmn ^Ji msoin. mm ms. sf,2i- o^si ^tt Jimm umm ^^/Eeneie ins 

ir^^aei© ESiil nil e (67)3 ^^fEIAIEJ-, a^ nHS(57)S 71 HI imSJi s 

«HS 71IB e?f°S &M012CF, Sa# IH@(57) S e^E^II ilia(42)S *S^«m ffll A|-^Sfe 7|l-|| 
Hi MIS^ S!-(HlAi a^Si- CF^I- HCiej JlillU CFiSI- OzHj St,*- 715-11 M .g ^ Sl°:01, CF^I- Oxg Ahg 

s'ra -.g^ti- ^3)iis tesii iHi!(42)M ^ siek oihh, e iBtoii sAm asi^ mi-ej-ii iiia(42)Hi 

7;1I71E|01 ^)17|- s.'-Ol-a ^E 2i5:01 as-^i- iHgHJ 7;-|12 ¥M(n2)E OlEIH Olizi SEHj *! 
3iEF. DldHJ 3ilQlM'lSH{-(30)0| ^5^gAl SS^S *H§ppi:- - ?ill2, ¥M(1 12)0.1. 

2}E|D1 3 §1-¥H| HIGIEI HH<!3(62,,64; 65, 68, -88)01 EElLfe SOI .SE^ IgOl ^X^g 30! 
yi-g-^lJ-S. M^DIEI-. " 

OIliTII t^, ±^ 3^(65)21- EEliej a^(66).0| SElEIHAI QIOIEI UH<a(62, 6^, 65, 66: 68)2Hl.;§l-¥ 

HJ a«I||@(55, 56, 58)01 2^S=IEK 

OWS^o^ EIIOlEi HHi3¥(A)01l 'dOl 51^^^^ M2 ^M(112).a 7;-ll71t]EK ZiaiU, 1-112 .^M(1 12)H| 

jtiiTi^ tm^ic) it^/EEii&« Esw iH@(67)a xiiTiti- ^ II a2i- s^i-ft nHe.(57)e soil 
ojfoia ^E siEF. ■ • 

si-DfiiAi ^sti- 2si§, 4^ ^2.'-2i- iacHs hi-tiu xmm ^ siek *ai-hi 

— ' OI^Eki 



biei- ^1 t\0\ EII0IE1 HHa(62, 64, 65, 66, 68)© ^St^ *, E 16a S 16b(Hl EA|t^ UI-21- ^01 I'tl- 
CVD S-S^S g^i^l-Oj MSH,i-(70)© ^Sti-EI-. DIUHOIIE, THOIS g°3B,«-(30) f SAI2F SAl-t|-7jl 




_ _ _ m 

Tll^HI Simfe' 3^011 E 32I-7F SCHl ^ SiEh. 0|01, E 17a LHAl E 17c011 EAItl- 

UI-21-%01, O\m\0\ Ms:H{-(70)© 71I01M a3Si-(30)2|- Eai°l 3^(66), 31I01M 

IHE(24), miOlEI nHE(68) '31 SA| '^271© ESx-ll iilf@(64)© ^ EE1LH= .^^ =?a(76, 74, 78, 
72)©dst.tK OlIU, I||E(24, 68)© EE1LH^.sW-^S(74, '?8)2| BSjs aMBxEOAng yjp S^5:DJ, 
0.5iiiitix,15^tin Ol^'-oi 3.01 UHT^ISFEK. '" ' 

OI-AIBJ-og^ ^ 8 LHAI E 10011 EAIfJ- Hl£|- a-Qj, 400 A LHXI 500 A ^IHI IZOft© 0|-:i:ae 
A|-g§F01 '£^^'^101 Eaiej ^^(66). a m^7m EgX-ll IH1!(64)2F thi 2!^(82), TIlOjM 

E||'E(24)£|- 3^=! THOim nHE(86) S! QIOIEI lE(68)ai- 3^=! LilOlEI 'II|E(88)© ^iSm. 
OlttH, 4± 2^(82), S.S. 71I0IM IHE(86) a QIOIE-j II1E(88)HJ |Z0« MEmmi ^-M. ^^S. 
3M(Cr)H| ^^ei-e >^2{©|-^C|| Al-gtl-^ HM ii^^m Al-gol-^ai,„D1^.^^0lH Jll^Hj =^©- .^Aj 
A|?|AI &0I- =?m\M ESiy- ^^OIh ?1I^H| =^0| ^^Efe 51© »X|%'- ^ Si2:D1, ^2f?i!SS 
( HND=/(Nli)zCte(NDO'/Hi0) ©© © ^ 2iE|-, 017IA-1E, iZO© ^S§|-:'1 SHI Oflg (pre-heat ing) SS01I 

mmo\ 
im7\ MM m 
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SEIfe i^Ctarget)^ ln,0; S ZnOM mtfe 301 Uffii-^i^l-DI , ZnO°l tfSlF^ 15-20 atSS S^IEJ 301 

tim^t\Q. .01 71 Alt, iTos mm[7\ stni mw-am tii^si s^ei-(24) ^'■¥Wi aio,7i- m&m^ as 

S-AI§PI 9|t|| mm a& 0FS5§ £#&M "SSI-ii:OlSiA-||S SSe 21 Al^(in-sltu)S ^A|-&fe 

aoi ^a, 

OlEiti- e ^-SSJ S1I2 ^AiWItHIAlS Sjll 4'AHJ1I01I [LIS HahBBeJ- OI-LIEI- EilDlE-l BHSCBZ, B4. 65> BB> 6 
8)21-3 Sl^¥S| mmm III i! (55, 56, 58) g] H-SE.SII I1|E!(42, 48)g ©hLf-H| D[:±:3.m 0\mK3\ ^mVH 
01 HI-SOIiAf Az± 3^(65)31- £312! 2^(66)01 SS|t|-01 MS. 5Sg B^tl-m =^ SiO-, 

01 SI- aOI, ^ ^"-SOll Cq-^S S^^OIIAIEI g^- 7^lt» Slibsl-^'- 4= Sin I||£¥B 5tt!*i- S*¥Sj .<yg| 



El JjSg a^Slf^S Till-S ,SSS p:^S|§t-ai IS- HISS MS 

g35^g iHE-iysFoi Bmm eem^ a* ^a© ^^sfe btii a 
"iS-71 mSm- s^eidi izos oi^oia k^mm a^ti-=- 97ii 

-Wtl-OIIA-I, 

fe"-?! SSSfS ^tl- ^fibSi HHiSHl a* ^S ^S- 
3 

aisoiiAi,^^ 

lllJSI:OilAlv 

fei-^i a^Ht-s 5-4og Aizi-se!^ S9IQ1IAI ^^msfe HH<:!! 2*. ^2^^ m^. 

:;«liw.Ai; 

,y-:7| j^gg. o.5iiirti'x'15/«M 1417:1 EmrnxBO^m ffi^KHlAl -mmi^ mh mm =?S "S^- if^ il 
^WltJ-OliAl,. 

rjigoilAI ^i-^l &^Ote 711^ HI S^ai- -feti?! IZO°| 2^ Tilths- 4'-7| UHi^Hl llH<a 7m?i 

7 

SlBgi-OllAI,.: 

SI4.I-S 0.15Q • citf OlSl-S ^Ssfe UHdHl a* ^S S-a. 

ym ^mi .a-¥oi.&7ii.asi =^^-s. bWbis hh^-, 

is-71 assmi ^i-^oij .siggoi 4Pi ^ae psw ^t;?! HH^aii- a^tp si^oi. izos oi^oia 

>.:■'.■.,.•.....■ .. ........ - . . ..v... 

S^k9 

.■i^i^^ojiAi, 
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Tas-s 0.1.5Q • qrf oiti-e!.HH4!a2i mm 

IZOS l.n,Os S! ZnOM ittmi-^ QlSS'ia :i;fflEia .fe-a^S ^Stfe EaHAI^Ei 

a^s]-. MEHxi:iia.?.i9^ ■ 

is 715 ^lOfl.W^niS 711^21 71101 ^"-^l 71101 S^EIDI. 'Si^ TliO'lM -a'^ m --^7\ 

Ea mmm' ^mmii iiiEiysra &7\ 7iioiEA!]ii- E.%m= aioiEid, momm)- asgoi si°:oi 
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7iil19*HHIAI, 

25 

7i||24tJ-(HIAI,, 
26 

t!-j}ii sistfeH||j-fgii|3:%jc^^^ 
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<q|3Qti:0||>y, 

Sll ^MHJ ^]3||^ ^'•71 HI2 ¥SSJ: ^J1(HI CHTO 1/2 OlSe SSiSl^iiiEi Xil 

7;il31*i-(HI:Af, 

&^xmiLt-^7\ c-iioia uHd AKiiofl Tilti-iS ^^#e ^ssfe BMmm strnte mhh7;|:±:E1 

&7\ 0101 Ei m^nt mmm w fe"-?! Bi-£Eii## si-usj oi-i3S Ahg§ra ^ssh^ ataf ehht^i^ei 

715 m\ a-f-oiH- Tiiaai s^^s^^iSeich ,ai3ot- aroiP nupf stmfe mm m^,,, 
&7.\ mm m^m sfe tiioim is si-, 

^i-:?! Si 7iioiE iHESF soil izos ^sEioi 2i°cn, ^i-:?! Hai°j satioi si= th 

•7:i34t!-&||A|, 

&7\ HioiEi uH<!!!=:67i QioiEiiyoii 3^5101. sife QioiEi iHH« cj smm. 

mm mE3.h m^ti -m\ .m\ izos Mmim^sjmti jmunmmmmmmmmm mm mt. 

7m%miM, 
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